ABSTRACT: This study evaluated the effect of feeding level and protein content in feed in first-and secondparity sows during the first month of gestation on sow BW recovery, farrowing rate, and litter size during the first month of gestation. From d 3 to 32 after the first insemination, sows were fed either 2.5 kg/d of a standard gestation diet (control, n = 49), 3.25 kg/d (+30%) of a standard gestation diet (plus feed, n = 47), or 2.5 kg/d of a gestation diet with 30% greater ileal digestible AA (plus protein, n = 49). Feed intake during the experimental period was 29% greater for sows in the plus feed group compared with those in the control and plus protein groups (93 vs. 72 kg, P < 0.05). Sows in the plus feed group gained 10 kg more BW during the experimental period compared with those in the control and plus protein groups (24.2 ± 1.2 vs. 15.5 ± 1.2 and 16.9 ± 1.2 kg, respectively, P < 0.001). Backfat gain and loin muscle depth gain were not affected by treatment (P = 0.56 and P = 0.37, respectively). Farrowing rate was smaller, although not significantly, for sows in the plus feed group compared with those in the control and plus protein groups (76.6% vs. 89.8 and 89.8%, respectively, P = 0.16). Litter size, however, was larger for sows in the plus feed group (15.2 ± 0.5 total born) compared with those in the control and plus protein groups (13.2 ± 0.4 and 13.6 ± 0.4 total born, respectively, P = 0.006). Piglet birth weight was not different among treatments (P = 0.65). For both first-and second-parity sows, the plus feed treatment showed similar effects on BW gain, farrowing rate, and litter size. In conclusion, an increased feed intake (+30%) during the first month of gestation improved sow BW recovery and increased litter size, but did not significantly affect farrowing rate in the subsequent parity. Feeding a 30% greater level of ileal digestible AA during the same period did not improve sow recovery or reproductive performance in the subsequent parity.
INTRODUCTION
Second-parity sows often show a reduced farrowing rate, a reduced litter size, or both compared with firstparity sows (Morrow et al., 1992; Hoving et al., 2010) . This reduced reproduction in second parity is associated with negative energy balance (i.e., BW loss) during the first lactation (Thaker and Bilkei, 2005) . Several studies have reported that a lactational BW loss of >10 to 12% decreases reproductive performance in the subsequent parity (Clowes et al., 2003a; Thaker and Bilkei, 2005) . Of the different components of BW loss, protein loss seems to have the largest influence on subsequent reproduction (Clowes et al., 2003a,b; Willis et al., 2003) . Early pregnancy may be the best period for a sow to recover from lactational losses (Dourmad et al., 1996) . This period is especially important for young sows because they also need to grow to reach mature body size. In practice, however, young sows are often kept at restricted feeding levels during early pregnancy. This strategy mainly originates from studies in gilts, which show that increased feeding levels in early pregnancy increase embryonic mortality (Pharazyn, 1992; Jindal et al., 1996) . There is, however, no evidence that this also holds for sows that need to recover from a previous lactation. Moreover, the negative effects of an increased feeding level during early gestation are questioned even in gilts, as is shown by Quesnel et al. (2010) . The present study was performed to evaluate the effects of feeding level and protein content in the feed during the first 4 wk of gestation in first-and second-parity sows on sow body recovery (i.e., BW, backfat, and loin muscle depth) and subsequent farrowing rate and litter size.
MATERIALS AND METHODS
All experimental procedures were approved by the Institutional Animal Use and Care Committee of Wageningen University (Wageningen, the Netherlands).
Animals and Treatment
In total, 146 crossbred (Yorkshire × Dutch Landrace) first-parity (n = 101) and second-parity (n = 45) sows, inseminated between April 2008 and September 2009, were used. After insemination, sows were divided into 1 of 3 treatments per parity group (parity 1 or 2). The treatments were 1) control: 2.5 kg/d of a standard gestation diet (Table 1) ; 2) plus feed: 3.25 kg/d of the standard gestation diet; and 3) plus protein: 2.5 kg/d of a gestation diet with 30% greater ileal digestible AA. The latter was mainly established by adding extracted soybean meal to the diet at the expense of corn, barley, and wheat (Table 1) . During the experiment, which lasted 16 mo, the basic ingredients were analyzed every month. The total content of the feed was calculated monthly based on the analyses of the ingredients, resulting in the values (mean ± SD) presented in Table  1 . Treatments were applied from d 3 to 32 after insemination.
Housing and Feeding
Preceding and during lactation and after treatment, sows were housed in farrowing crates (2.4 × 1.8 m), received a commercial lactation diet, and had ad libitum access to water. Within 3 d after farrowing, litters were standardized to 11 or 12 piglets. After weaning, sows were housed individually in crates (2.3 × 0.6 m) and were fed 3 kg/d of the commercial lactation diet divided over 2 portions (0800 and 1600 h). Sows were checked for estrus 2 times per day (0900 and 1530 h) using the back-pressure test in the presence of a mature teaser boar. Twenty-four hours after the first standing heat reflex, sows were inseminated with a commercial dose of semen (2 × 10 9 sperm cells of a Topigs boar line; Topigs, Vught, the Netherlands). If still in estrus, sows received a second insemination 16 to 24 h after the first insemination.
Gestation
About 3 d (2.8 ± 0.8 d) after the first insemination, sows were moved to the gestation room. During the following 30 d, sows were individually housed and received the feeding treatment. Sows were fed twice per day (0900 and 1600 h). From d 18 of gestation onward, sows were checked for signs of estrus twice daily using a mature teaser boar. Date of return to estrus after the first insemination was recorded as the first date a standing heat reflex was observed. Around 4 wk of gestation, an ultrasound scan (MS Multiscan Digital, MS Schippers, Bladel, the Netherlands) was performed to confirm pregnancy. If an animal did not return to estrus but was diagnosed as not pregnant by ultrasound, the date of the ultrasound scan was recorded as the date when the sow was no longer pregnant. The feed level of sows in the plus feed group was decreased for 3 d (d 33 to 35) from 3.25 kg to the standard feeding level of 2.8 kg. After d 35 of gestation, the sows were housed in groups of 14 animals and received 2.8 kg of feed per day. The feeding level in the control and plus protein groups was increased in 2 d from 2.5 to 2.8 kg of feed per day. During feeding, the sows were locked in the crates for 30 min to give each sow the chance to eat its portion of the feed. During the whole gestation period, water was available ad libitum.
Measurements
During the treatment period, feed refusals were collected daily and feed intake per sow was calculated on a weekly basis.
Sow Development. Body weight, backfat, and loin muscle depth were measured the day after farrowing, preceding treatment, at weaning, at onset of the feeding treatment, at the end of the feeding treatment, and after farrowing, after treatment. Backfat was measured 6 cm above the midline, directly above the last rib on the left and right sides of the animal, using a Renco Meter (MS Schippers). Loin muscle depth was measured at the same locations using an Aloka Ultrasound instrument (Aloka SSD-500, Biomedic Nederland BV, Almere, the Netherlands). For the loin muscle measurement, 2 measurements were made on both the left and right sides of the animal. If the 2 measurements at 1 side differed by more than 2 mm, a third measurement was made.
Reproduction. Weaning-to-estrus interval and date and time of inseminations were recorded. Date of returning to estrus after insemination or date of farrowing, number of piglets born alive, and number of piglets born dead were recorded. In addition, piglet birth weights 24 h after birth and piglet mortality from d 1 to 3 after birth were recorded.
Statistical Analysis
Among the 146 inseminated sows, data from 1 pregnant sow from the control group that died shortly be-fore farrowing was excluded from all analyses. Normality was checked by examining model residuals, with a skewness and kurtosis between −2 and 2 considered normal. Statistical differences before the treatment were determined using a general linear regression model (PROC GLM, SAS Inst. Inc., Cary, NC) with parity (1, 2), treatment (control, plus feed, plus protein), and their interaction as fixed effects. Preliminary analyses showed that the interaction was never significant (P > 0.05). Therefore, it was excluded from the model. Farrowing rate was analyzed using logistic regression (PROC Logistic, SAS Inst. Inc.). The model included treatment (control, plus feed, plus protein), parity (1, 2), and their interaction as fixed effects. Piglet mortality was analyzed using logistic regression (PROC Genmod, SAS Inst. Inc.). The model included treatment (control, plus feed, plus protein), parity (1, 2), and their interaction as fixed effects, and sow as a repeated measure. An exchangeable correlation structure was used to account for within-sow variation. Data on litter size, piglet birth weight (of piglets born alive and dead), CV of piglet birth weight (CV pbw ), sow BW, backfat depth, and loin muscle depth were analyzed using general linear regression (PROC GLM; SAS Inst. Inc.). In all models, treatment (control, plus feed, plus protein), parity (1, 2), and their interaction were included. Only sows that did not return to estrus after insemination in the first estrus after weaning were included in the analysis of litter size, piglet birth weight, piglet mortality, and subsequent sow BW, backfat depth, and loin muscle depth at the subsequent farrowing. If the interaction was not significant (P > 0.05), it was excluded from the models. Results are presented as least squares means ± SEM or as percentages (farrowing rate and piglet mortality). Differences at P < 0.05 were considered significant.
For the outcome variables farrowing rate and litter size, relations were tested with losses of sow BW, back- fat, and loin muscle depth during lactation. In addition, relations of farrowing rate and litter size with BW, backfat, and loin muscle depth gain during the treatment period were tested. These variables were included in a model with parity and treatment together with all 2-way interactions. In a backward analysis procedure, the least significant interaction or variable was eliminated from the model until the model contained only significant variables. The outcome variable CV pbw was corrected for litter size because larger litters are related to a larger CV pbw .
RESULTS
Lactational variables preceding treatment were similar for the 3 treatments (results not shown) but were affected by parity (Table 2) . First-parity sows had smaller litter sizes compared with second-parity sows (total born, P = 0.012; Table 2 ), whereas number of piglets weaned was not different. At weaning, piglets weaned from first-parity sows were 0.8 kg lighter compared with piglets weaned from second-parity sows (P < 0.0001; Table 2 ). Lactation length was 1.1 d shorter for first-parity sows compared with second-parity sows (P < 0.0001; Table 2 ). Sow BW loss during lactation was not different between first-and second-parity sows, but first-parity sows were 26.9 kg lighter at weaning compared with second-parity sows (P < 0.001; Table  2 ). First-parity sows lost 1.8 mm more loin muscle during lactation compared with second-parity sows (P = 0.019, Table 2), whereas loin muscle at weaning was 2.5 mm smaller for first-compared with second-parity sows (P = 0.005; Table 2 ). Backfat loss during lactation and backfat at weaning were not different between parities (Table 2) .
Gestation
Feed intake during the 30-d treatment period was 29% greater for the plus feed group (93.2 ± 0.4 kg) compared with the control and plus protein groups (72.3 ± 0.4 and 72.1 ± 0.4 kg, respectively, P < 0.0001). Table 3 shows BW, backfat, and loin muscle at the start, during, and after treatment by treatment group and parity. No interaction between treatment and parity was found (P > 0.05). During treatment, sows in the plus feed group gained, respectively, 8.7 and 7.3 kg more BW than sows in the control and plus protein groups (P ≤ 0.001; Table 3 ). At the end of treatment, sows in the plus feed group were 10 kg heavier and had 1.5 mm more backfat than sows in the control group. Sows in the plus protein group were intermediate (P = 0.02; Table 3 ). At farrowing, sows in the plus feed group still had 1.5 mm thicker backfat than control sows, and sows in the plus protein group were intermediate (P ≤ 0.01; Table 3 ). Loin muscle depth before and during BW gain and after treatment was not affected by treatment (Table 3) .
Sow BW, Backfat, and Loin Muscle
At the start of treatment, second-parity sows were 26.1 kg heavier (P < 0.001; Table 3 ) and had 2.2 mm greater loin muscle depth (P = 0.01; Table 3 ) compared with first-parity sows. At the end of treatment, this difference in BW was still 23.8 kg (P < 0.001; Table 3 ), whereas at farrowing, second-parity sows were only 13.7 kg heavier than first-parity sows (P = 0.001; Table 3 ). Body weight, backfat, and loin muscle gain per treatment were not different between parities. Means within a row without a common superscript differ (P < 0.05). 1 One sow died shortly before farrowing and was therefore excluded from the analysis. 2 Corrected for the longer lactation length in second-parity vs. first-parity sows by adding lactation length as a covariable to the model. Table 4 shows reproduction results per treatment group and parity. Effects of treatment on subsequent litter size and farrowing rate were similar for first-and second-parity sows. Sows in the plus feed group had a 13.2% smaller farrowing rate compared with those in the other treatments (P = 0.16; Table 4 ). Total number born from the first insemination, however, was greater for sows in the plus feed group (15.2 ± 0.5) compared with sows in the control and plus protein groups (13.2 ± 0.4 and 13.6 ± 0.4 piglet, respectively, P = 0.006). As illustrated in Figure 1 , sows in the plus feed group had fewer litters with ≤13 piglets and more litters with ≥17 piglets compared with sows in the other groups. Despite the larger litter size, average piglet birth weight was not different among treatments (P = 0.65; Table  4 ). Litters of sows in the plus feed group had a 3.8% larger within-litter birth weight variation compared with litters from control sows (Table 4) , and litters of sows in the plus protein group were intermediate (P = 0.009; Table 4 ). However, after correction for litter size, the differences in litter CV pbw between sows in the plus feed and control groups were not significant (19.7 ± 1.0% vs. 17.1 ± 0.9%, respectively, P = 0.13). Piglet mortality between d 1 and 3 was not different among treatments (P = 0.62; Table 4 ).
Reproduction
Litter size was 2.4 piglet greater for second-parity sows compared with first-parity sows (P ≤ 0.001; Table 4). Average piglet birth weight was 110 g less for second-parity sows compared with first-parity sows (P = 0.006; Table 4 ). The CV pbw was 3.7% greater for second-parity sows compared with first-parity sows (Table  4) . This difference decreased to 2.8% when corrected for litter size (20.1 ± 0.9% vs. 17.7 ± 0.6%, P = 0.05). Piglet mortality was not different between parities (P = 0.152; Table 4 ).
Lactation Losses and Gestational Gain in Relation to Treatment
Litter size after treatment was not significantly affected by backfat losses during lactation or by BW, backfat, or loin muscle depth gain during treatment. Body weight losses and loin muscle depth loss during lactation, however, significantly affected litter size after treatment. For every kilogram of BW loss during lactation, subsequent litter size decreased by 0.04 piglet (P = 0.02) and for every millimeter of loin muscle depth loss, subsequent litter size decreased by 1.8 piglets (P = 0.006). Farrowing rate after treatment was not significantly affected by BW, backfat, or loin muscle depth losses during lactation or by their gain during treatment.
DISCUSSION
This study showed that a 30% greater feed intake from d 3 to 32 after insemination in first-and second- Table 3 . Sow BW, backfat, and loin muscle depth measures before, during, and after the treatment period (main effects) Means within a row without a common superscript differ (P < 0.05).
1
Interactions between treatment and parity were not significant (P > 0.05). Therefore, least squares means from models without interaction are presented.
2
All sows including repeat breeders; control (2.5 kg/d; n = 49), plus feed (3.25 kg/d; n = 47), plus protein (2.5 kg/d + 30% digestible AA; n = 49), parity 1 (n = 100), parity 2 (n = 45).
3
Excluding repeat breeders; control (n = 44), plus feed (n = 36), plus protein (n = 44), parity 1 (n = 83), parity 2 (n = 41).
parity sows (during the second and third gestation, respectively) increased BW gain during early pregnancy and increased litter size without affecting average birth weight. However, the increased feeding level also gave a numerically reduced farrowing rate. Feed with 30% extra protein did not improve BW gain or reproductive performance.
The finding that the plus feed treatment resulted in a larger litter size indicates increased embryonic and fetal survival. This is illustrated by the relatively large percentage of litters with ≥17 piglets in the plus feed group (28%) compared with the control group (7%). Despite the average of 2 more piglets per litter, piglet birth weight was not decreased in the plus feed treatment, which indicates improved embryonic and fetal development. An increased feeding level might alter metabolic or endocrine pathways, or both, which could positively influence embryonic and fetal survival and development. An increased feeding level during early pregnancy increased GH and IGF-1 concentrations in plasma, as well as uterine flushings, which could directly or indirectly influence embryonic development and survival (De et al., 2009 ). For example, Block et al. (2003) reported that in vitro-produced bovine embryos that were cultured in IGF-1-enriched media showed a greater percentage of blastocysts on d 7 and 8 after fertilization, and a greater embryo survival after transfer compared with embryos cultured in media without IGF-1. Furthermore, IGF-1 also influenced progesterone production during the early luteal phase. For ex- Means within a row without a common superscript differ (P < 0.05).
1
Interactions between treatment and parity were not significant (P > 0.05). Therefore, least squares means from models without interaction are presented. ample, Langendijk et al. (2008) reported a positive correlation (r = 0.7) between IGF-1 concentration around d 1 after ovulation and the increase in progesterone concentration during early gestation in primiparous sows. Between d 12 and 29 of gestation, progesterone production is dependent on LH secretion (Peltoniemi et al., 1995; Tast et al., 2000; Khan et al., 2007) . Luteinizing hormone secretion, in turn, is positively influenced by feeding level, especially in periods of seasonal infertility (Peltoniemi et al., 1997; Virolainen et al., 2004) . An increased feeding level can therefore stimulate embryonic development, thereby increasing survival by increasing progesterone production through increased LH secretion after d 12 of gestation. Fetal development is expected to be compromised when litter size increases, which is related to compromised placental development in crowded uteri (Vonnahme et al., 2002; Town et al., 2005; van der Waaij et al., 2010) . An increased feeding level during the first 4 wk of gestation might also improve embryonic and placental development through an increased availability of specific micronutrients, such as folic acid and arginine (Matte et al., 1996; Hazeleger et al., 2007) . Supplementation of arginine improved placental vascularization (Hazeleger et al., 2007) , which may be the critical factor determining placental efficiency. A high placental efficiency can, in turn, increase litter size and piglet birth weight, as was shown by Ramaekers et al. (2006) . Even though the feed in the current experiment was not supplemented, feeding more feed, and therefore giving more nutrients, might have had similar effects as supplementation of specific nutrients and AA. Thus, an increased feeding level might stimulate embryonic and placental development, and thereby embryo survival, by its influence on IGF-1. Insulin-like growth factor 1 stimulates embryo development and progesterone production during the early luteal phase by its stimulating effect on LH, and therefore progesterone production after d 12 of pregnancy. Increased feeding may also increase embryo survival by increasing the availability of micronutrients such as arginine.
In addition to the positive effects on litter size, the increased feeding level numerically reduced farrowing rate. For gilts, it is known that an increased feeding level from d 1 to 15 after insemination can have a negative effect on embryonic survival (Ashworth, 1991; Pharazyn, 1992; Jindal et al., 1996) . A recent study by Quesnel et al. (2010) , however, showed that an increased feeding level from d 1 to 7 after insemination did not affect embryonic survival in gilts. For multiparous sows, no negative effects of an increased feeding level during early pregnancy have been reported (e.g., Varley and Prime, 1993, d 1 to 25; Virolainen et al., 2005) . Negative effects of an increased feeding level on embryonic survival in gilts have been related to reduced plasma progesterone concentrations in animals on an increased feeding level (Ashworth, 1991; Jindal et al., 1996; van den Brand et al., 2000; Virolainen et al., 2005) because of increased progesterone clearance in the liver (Prime and Symonds, 1993) . A sufficiently increased progesterone concentration is necessary for synchronous uterine and embryonic development during early pregnancy (Pope, 1988; Ashworth, 1992) . If an increased feeding level results in reduced progesterone concentrations during the first 2 wk of gestation, preattachment embryonic survival might be affected, possibly even causing a failure of maternal recognition of pregnancy in some sows with small numbers of embryos. This might explain why sows on the increased feeding level had fewer litters with ≤13 piglets compared with the control group (≈30 vs. ≈54%, respectively). On the other hand, Sørensen and Thorup (2003) also studied the effects of increased feeding levels during the first 28 d of pregnancy in sows and found positive effects on litter size (+0.5 piglet), but no negative effects on farrowing rate (86.4 vs. 86.9%). In our study, the 13% difference in farrowing rate was not statistically significant. To prove such a difference, the number of animals per treatment groups should have been increased to 90 (Win Episcope, Edinburgh, UK; Thrusfield et al., 2001) . However, our main interest in the present study was to examine litter size effects of the feeding regimen. Therefore, the number of animals per treatment was set at 50, which is sufficient to statistically prove a difference of 1.5 piglets with a SD of 3, 95% confidence, and a power of 80% (Win Episcope). If the 13% smaller farrowing rate had been significantly different, the economic gain attributable to a larger litter size in the plus feed group would have outweighed the costs by the increase in nonproductive days in the plus feed group. For example, based on a gestation length of 115 d, a lactation length of 25.3 d, and a weaningto-insemination interval of 5.6 d, and 30 nonproductive days for repeat breeders (Agrovision BV, Deventer, the Netherlands), the maximum farrowing index that could be achieved for nonrepeat breeders and repeat breeders would be 2.5 and 2.1 litters per year, respectively. The control group showed 90% nonrepeat breeders (litter size of 12.6 piglets) and 10% repeat breeders (litter size of 15.2 piglets, results not shown). The plus feed group showed 77% nonrepeat breeders (litter size of 14.4 piglets) and 23% repeat breeders (litter size of 16.2 piglets, results not shown). For a 100-sow farm with sows in only the control or plus feed group, the average piglet production per year would be 31.5 and 35.2 piglets, respectively. The extra piglets in the plus feed group would therefore compensate for the increase in nonproductive days.
In contrast to the plus feed treatment, the plus protein treatment did not significantly improve sow recovery or reproduction. Clowes et al. (2003a,b) reported that protein losses during lactation have a large influence on subsequent reproduction. It was therefore hypothesized that feeding extra protein during early gestation could improve recovery as well as reproduction. However, energy is needed for the utilization of feed protein for body protein (Campbell et al., 1985) . If extra protein is supplied but the energy supply is not sufficient, the expected gain in body protein may not be seen. Indeed, in our study, BW gain and loin muscle gain were not significantly improved in sows in the plus protein group compared with control sows. Sows in the plus feed group received both extra protein and extra energy, and could therefore benefit from the extra protein, as is shown by the extra BW gain in the plus feed group. Thus, extra protein does not affect sow recovery when not accompanied by extra energy, nor does it have an effect on reproductive output.
Early gestation may be the best period for a sow to recover from lactational losses (Dourmad et al., 1996) . During this period, the energy demand for fetal growth is still decreased, and energy and nitrogen from the feed can be used for maternal tissue accretion (Dourmad et al., 1996) . In the present study, the increased feeding level increased BW gain during early pregnancy, indicating a greater compensation of the lactational BW losses compared with the standard feeding level. In addition, no relations between loss of body reserves during lactation and recovery of body reserves during early gestation with reproduction in subsequent parity were found, but the number of sows per treatment might be too small for such an analysis. The finding that the increased feeding level had similar effects in both firstand second-parity sows shows that this strategy is beneficial for both parities.
In conclusion, this study showed that an increased feeding level during the first 4 wk of the second (for first-parity sows) and third (for second-parity sows) gestation improved sow BW gain and increased litter size by 2 piglets. Farrowing rate, however, may be negatively affected.
